AIM Taping is popular in a variety of paediatric clinical settings. The purpose of this study was to investigate the effectiveness of taping on the rehabilitation of children with cerebral palsy (CP).
INTERPRETATION Although benefits of taping were found in the population, and functional gains according to the International Classification of Functioning, Disability and Health were obtained, the evidence was not conclusive. Randomized controlled trials with larger sample sizes and with more specific taping procedures are required to strengthen the evidence for the effectiveness of taping on children with CP.
Cerebral palsy (CP) is simply defined as a non-progressive lesion of the immature brain. Children with CP may present with a variety of motor impairments including altered muscle tone, loss of strength, and balance and coordination problems. 1 Orthopaedic surgery, constraint-induced movement therapy, occupational therapy, and traditional therapy are some of the various treatments that are generally used in the course of CP treatment. 2 In addition, studies have emphasized the possible benefits of several recent methods such as taping, which is frequently used in paediatric rehabilitation clinics. Taping is an increasingly popular adjunct to therapy because it is easy to apply and inexpensive, and it can be easily removed or changed according to therapy objectives. Investigators have stated the goals of taping in children with CP as being to correct postural misalignment, enhance the stability of joints, activate weak muscles, support weak structures, manage spasticity, and stimulate the sensory system. [3] [4] [5] [6] [7] Although there are more applications of taping in musculoskeletal practice, the evidence in the literature is inadequate. 3, 4 Some of the goals mentioned have been proved: for example, in the meta-analysis by Chang et al., 6 taping for patellofemoral pain syndrome moderately affected the activity of muscles and reduced pain.
Athletic and Kinesio tapes are the two main types of tape that are in common use in clinics. Both can be used on patients with orthopedic, lymphatic, and neurological issues. Athletic tape is an example of a rigid/inelastic tape and limits the joints more than Kinesio tape, a type of flexible/elastic tape. Investigators have used them for similar aims such as management of spasticity, facilitation of muscle function, or stabilization of the joints. In particular, Kinesio taping is a new technique in the management of problems related to tonus, hypotonus, or hypertonus, which are common problems in CP. 4, 5 In addition, there is evidence to show that rigid tape is more effective than elastic tape in limiting joint movement. 4, 5 The popularity of using taping in paediatric rehabilitation clinics has gradually increased. 7 The purpose of this paper was to systematically review the literature to determine the effectiveness of taping used in the population of children with CP.
METHOD Search strategy
The inclusion criteria were as follows: (1) studies including children under 18 years of age with CP; (2) studies with all research designs including case reports; (3) fully published studies; (4) studies published up to May 2015; (5) studies indicating the effectiveness of taping in children with CP; (6) studies using functional outcomes; (7) studies published in the English language. All relevant articles were identified by searching the electronic databases MEDLINE, Embase, PubMed, CINAHL, and the Cochrane Central Register of Controlled Trials. The reference lists of extracted studies were also searched. Databases were searched using the text words (child*) and (cerebral palsy OR hemiplegia OR monoplegia OR quadriplegia OR diplegia OR tetraplegia) and (taping OR tape). These were used separately or in Boolean combination.
Methodology
There are many methodologies that can be used for review. The guidelines for critical review of McMaster University and Sackett's Levels of Evidence were more easily used, easily understood, and practical in evaluating the studies in this review. The guidelines for critical review of McMaster University were used as a quantitative appraisal tool to assess the methodological quality of the included studies (Appendix S1, online supporting information). Sackett's Levels of Evidence were also used to rate the strength of the research process where the research was ranked from strongest to weakest using a 5-point grading system. 8 The two authors reviewed the literature and found appropriate articles together; they then independently scored all of the papers according to the methodological quality critical review forms. Disagreements were discussed to reach a consensus.
RESULTS
The search strategy and inclusion of studies are shown in the PRISMA flow chart in Figure S1 (online supporting information). Sixteen papers were initially found, nine of which were included. 7, [9] [10] [11] [12] [13] [14] [15] [16] Seven papers were excluded, because two of were in Portuguese and Korean, and five were not fully published studies. Table SI (online supporting information) shows the scoring of the papers according to the guidelines for critical review of McMaster University. Four of the papers achieved a perfect score of 15 points while two had the lowest score. The studies commonly received a low score from the third and fourteenth items of the guidelines for critical review of McMaster University, which ask, 'Was the design appropriate for the study question' and, 'Were drop-outs reported?' Table SII (online supporting information) summarizes the general characteristics of studies including their strength according to Sackett's Levels of Evidence, the number of participants, and the description of participants. Five studies were randomized controlled trials, three were case series, and one was a single case study. Participant numbers varied from 1 to 45 and the age range was 1 to 17 years. The spastic type of CP was the target population of all authors. According to the topographical classification of spastic CP, six studies included hemiplegic CP, two included diplegic CP, and one paper included quadriplegic CP. Three of the papers did not state the Gross Motor Function Classification System (GMFCS) level of the participants. Four papers included GMFCS levels I to III and two papers included GMFCS levels III to V. Among the authors investigating the effects of taping the upper limb, only Kara et al. 7 selected the children according to the Manual Ability Classification System (MACS) level. Table SIII (online supporting information) shows the methods and results of the studies. The tapes were grouped as elastic and rigid. Seven papers used only elastic tapes, one only used rigid tapes, and one both rigid and elastic tapes. The authors applied the tapes to various regions of the body, including the upper extremity in three papers, the lower extremity in three papers, the trunk in two papers, and both the upper and lower extremities in one paper. The details of these regions were not presented in four papers (Table SIII) . Information on the training of the persons applying the tape is also presented in Table SIII . The duration of the effects were investigated in the studies: six studies assessed the long-term effects, two assessed the immediate effects, and only one examined the short-term effects of the tape. For the results on upper limbs, only Mazzone et al. 9 found a statistically significant difference after taping on activity in two periods (p<0.001 and p=0.012). For the results on the lower limb, only da Costa et al. 13 found a statistically significant difference in activity (p<0.05). Kara et al. 7 applied the tapes to both the upper and lower limbs and observed statistically significant differences on every section of the International Classification of Functioning, Disability and Health (ICF) (p<0.05). They also showed a significant effect of taping on participation as measured by the Functional Independence Measure for Children (WeeFIM) (p=0.003). The trunk was taped in the paper by S ßims ßek et al., 16 and a significant improvement in sitting activity observed (p=0.003), although the Gross Motor Function Measure (GMFM) score was not significantly improved.
We used the ICF model to group outcome variables. Thus, outcome measures were identified as body structure/ function, activity, and participation.
Effects of taping on body structure/function Table SIII indicates the outcome measures used in papers. Camerota et al., 10 Iosa et al., 12 da Costa et al., 13 and Ghalwash et al.
14 also assessed impairment by using kinematic data, range of motion, muscle tone, and muscle power. Only Kara et al. 7 found significant improvements.
Effects of taping on activity
Activity limitation was the most investigated outcome in the papers as a section of the ICF. The effect of taping on
What this paper adds
• Taping in conjunction with conventional interventions seems to be effective in increasing activity as a long-term effect.
• However, the immediate effect of taping is unclear.
• Also, the effect cannot be described because of insufficient evidence.
activity was investigated in eight studies. The Nine Hole Peg test, Nine Parts Puzzle Test, Melbourne Assessment, GMFM, Pediatric Balance Scale, Timed Up and Go test, Bruininks-Oseretsky Test of Motor Proficiency, and Sitting Assessment Scale were used to measure the change in activity. GMFM was the most commonly preferred measure and was used in five studies. GMFM scores improved significantly in only one paper. 7 In total, activity improved significantly in five papers, 7, 9, 11, 13, 16 whereas no significant change was recorded in three. 12, 14, 15 Effects of taping on participation Participation as another section of ICF was measured by WeeFIM in only two papers. 7, 16 WeeFIM increased significantly in one, 7 whereas no difference was found in the other. 16 
DISCUSSION
Many authors have discussed the effectiveness of taping in orthopaedic problems. 4, 17, 18 However, the effectiveness of taping in paediatric neurological conditions has not been discussed. The aim of this systematic review was to investigate whether any evidence exists for the effectiveness of taping in children with CP. Only nine studies met the inclusion criteria. Five of these were randomized controlled trials with level II evidence, three were case series with level IV evidence, and one single case study was included with level V evidence.
The spastic type of CP was the sample group in all the papers. Children in various GMFCS levels were included in the studies, but the authors investigating the effects of upper limb taping did not present any information about the level of hand ability in the included children. Keklicek et al. 11 used the Modified Ashworth Scale levels as an inclusion criterion, but classification systems such as the GMFCS and MACS would be more appropriate as they can be easily applied and show the functional performance of the children at the activity level.
Seven papers used elastic tape, one paper used inelastic tape, and one used both types. Elastic tapes were more frequently used in practice because they do not limit children's movement as much as inelastic tapes. It is therefore possible to support more functions by using elastic tape. Although Footer 15 stated that children with ataxic or athetoid CP could constitute a more appropriate population for inelastic tape, there was no significant change in GMFM as the outcome measure. Also, no study compared the effects of elastic and inelastic tapes for similar aims to reveal the more effective type of tape in the population with CP, whereas such comparisons have been made in other populations in the literature. 19, 20 The studies investigating the effects of taping in orthopaedic conditions had specific regions/muscles that were taped, [21] [22] [23] [24] but the authors could not always focus on a specific region in neurological conditions since the whole body was affected. Taping was applied to multiple regions of the body such as the lower limb and trunk. Five papers presented adequate details of the taping regions and muscles. [12] [13] [14] [15] [16] This information is essential because tapes can be cut and applied in various forms such as 'Y', 'I', and 'X' shapes, and the methods of taping vary greatly depending on the muscles and desired effect. 22 On the other hand, the taped muscles and the details of taping were not indicated in four papers. 7,9-11 When we evaluated the effects of taping by region, we found no significant effects of upper limb taping.
Training of the person who performed the taping was not appropriately explained in the papers. Da Costa et al. 13 and Footer 15 stated that the taping procedure was performed by a therapist with relevant training. On the other hand, the parents applied the tape to their children in the study by Iosa et al. 12 Thus, there is confusion about whether training is required for applying the tape or not.
Because immediate, short-term, and long-term effects of taping were assessed in different studies, the duration of effect in the papers also varied. Physiotherapy continued in the studies that investigated the short-and long-term effects of taping. Keklicek et al. 11 and da Costa et al. 13 were the only authors to evaluate the immediate effects of taping. Keklicek et al. 11 applied the tape to the upper limb and measured the functions after 20 minutes of taping. No significant difference was found between applying tape or not. On the other hand, a significant change was observed in the study by da Costa et al. 13 This difference in the immediate effects of taping could be related to the different regions of the body used, because Keklicek et al. 11 applied the tape on the upper limb whereas da Costa et al. 13 applied the tape on the lower limb. Our clinical experience indicates that a small change in the function of the upper limb is more difficult to measure than a change in the function of the lower limb. Nevertheless, immediate effects should be investigated further in future research. In studies dealing with the long-term effects of taping, the most common duration was 12 weeks. 7, [14] [15] [16] Among these studies, Kara et al. 7 and S ßims ßek et al. 16 found significant differences, whereas others did not. Mazzone et al. 9 applied taping for 10 months in total, which was the longest duration among the reviewed papers. They taped the upper limb for 5 months and observed significant changes between the taped and untaped periods. After 7 months of no taping, the outcome measure was repeated and compared with the previous one; no significant change was found. Then, they reapplied the tape for 5 more months. After this period, a significant change was found. However, there was a high incidence of drop-outs in the last 5-month period, which might have affected the strength of their evidence. Mazzone et al. 9 stated that the high incidence of drop-outs accounted for the difference in the results. In the case study by Camerota et al., 10 the short-term effects of taping on the body structure were investigated and no significant effects found, although the results of such studies cannot be generalized. In short, the effects of taping according to the duration of application varied among the articles.
Evaluation of the outcome measures of the studies showed that activity limitation was the most commonly investigated section of the ICF. Seven studies used various methods to assess the change in activity; significant changes were observed in four. Furthermore, four studies assessed the change in body structure/function after taping, and only Kara et al. 7 found a significant difference. Only two studies -S ßims ßek et al. 16 and Kara et al. 7 -investigated whether taping affected children's participation in activities of daily living. Although these studies had similar sample sizes, the age and GMFCS levels of the participants were different. Thus, the results of these two papers were also different. No significant change was found in the participation of children by S ßims ßek et al., 16 whereas Kara et al. 7 reported a significant change in participation in their study involving children in lower GMFCS levels. However, the two studies were not adequate enough to conclude that participation was affected by taping. In short, the significant changes were mostly determined in the activity section of the ICF, whereas the effect of taping on participation should be investigated further to obtain more precise results.
Consistency between the level of evidence and McMaster scores indicates a higher quality study. Keklicek et al., 11 Kara et al., 7 S ßims ßek et al., 16 and Footer 15 all had both a high level of evidence and high McMaster score, indicating higher-quality results. Keklicek et al. 11 investigated immediate effects, whereas the others investigated long-term effects. Footer 15 used a rigid tape, whereas others used an elastic tape. No significant change with taping was shown in the papers by Keklicek et al. 11 and Footer, 15 whereas Kara et al. 7 and S ßims ßek et al. 16 found significant effects on the activity of children after taping. On the other hand, a full McMaster score was recorded in the papers by da Costa et al. 13 and Mazzone et al., 9 although their level of evidence was low, requiring future randomized controlled trials to generalize their results.
In the review by Lim and Tay, 17 the mean number of patients included in studies on the effects of taping was 50. However, there were small sample sizes in our reviewed papers because providing a homogeneous sample in this population is difficult owing to the various accompanying conditions in children with CP. Nevertheless, more accurate results will be obtained with larger sample sizes. The age groups were also different in every paper, which was another obstacle in generalizing the findings. Further studies are required to determine which age group benefits most from taping.
There were significant improvements after taping in three papers. 7, 9, 13 These papers had a full score from the guidelines for critical review of McMaster University so their findings are thought to be meaningful. On the other hand, no significant change was shown in four studies. 11, [14] [15] [16] Only Keklicek et al. 11 got a full score from the McMaster review guidelines but they only analysed the immediate effects of taping. Absence of statistical analysis was also observed in two papers, 10, 12 so their results could not be reviewed adequately.
We also determined the limitations of the reviewed papers. There were unclear conditions about tape application. The amount of tension applied, and the location, frequency, and duration of taping, lead to variations in its effectiveness. Thus, precise taping procedures need to be determined to reveal its effectiveness. Moreover, randomized controlled trials were inadequate and sample sizes were small. According to the McMaster review guidelines, some authors did not use an appropriate design for their study question and there was no information about dropouts in some papers. Some limitations of the reviewed papers were inadequate information on the taping procedure, limited study quality, and small sample size.
Several drop-outs were identified in the reviewed papers; the reasons were specified as allergy to tape and the use of botulinum neurotoxin. Allergy to tape is a known limitation of the taping technique. There was no information on this issue in two papers. 10, 12 Allergy to tape was mentioned as an exclusion criterion in three papers, [14] [15] [16] whereas it was one of the reasons of drop-outs in two. 7, 9 Moreover, Keklicek et al. 11 and da Costa et al. 13 stated that the tapes were hypoallergenic. Authors should decide whether allergy to tape is required as an exclusion criterion. No adequate information about the tolerance to tape was mentioned in the papers. Only S ßims ßek et al. 16 stated that children were followed for 3 days, and Footer 15 checked the children's skin for allergic reactions for 8 days. Therefore, evaluation of the allergic condition needs to be more consistent in future research.
Looking at the reviewed papers in terms of the aims of taping, which we mentioned in the introduction, Ghalwash et al.
14 used taping to correct genu recurvatum as a postural misalignment and did not suggest taping to prevent genu recurvatum. Kara et al. 7 taped upper and lower limbs to investigate the effect of taping on muscle power and indicated that it can be used to 'activate weak muscles'. Iosa et al. 12 used tape to manage spasticity and showed that it had no effect. Thus, activation of weak muscles as an objective of taping was only found in the population with CP among the reviewed papers. Other than these three studies, no other aim of taping such as stabilization of joints or stimulation of the sensory system was investigated. The authors usually investigated and expected to change parameters such as range of motion of joints or gross motor function of children by taping. However, the effect of taping on these parameters can be investigated once its benefits are proved.
One of the restrictions to reviewing limited evidence together is that the collection of outcomes related to activity and function makes it difficult to expose what the therapist might be specifically hoping to achieve with taping. The location, tension, and other taping procedures might affect the goals. For example, if a child lacks foot clearance in the swing phase of gait, taping for this condition would differ greatly from taping for hip abductor stability in the stance phase. Therefore, therapists need to analyse the child's functional difficulties in relation to the aims of taping, and to state clearly the taping procedures used to solve the determined problems.
Despite some promising results supporting the use of taping by therapists as a helpful method of reaching their rehabilitation goals, the specifics of how and when to use taping to get the best effect remain unclear. This causes lack of clarity in the evidence. On the other hand, and separately from other treatments, studies investigating the aims of taping need to clarify its immediate effects.
In summary, the immediate effect of taping is unclear, but its long-term effect on activity seems to be promising in the rehabilitation of children with CP. Many more randomized controlled trials with larger sample sizes and standardized procedures for the application of taping are required. Further studies that link rehabilitation goals to specific aims of taping would provide more guidance for practitioners. In conclusion, taping may be effective when it is used in conjunction with traditional interventions in children with CP. However, it can only be as effective as the therapist makes it -in terms of their analysis of the child's problems and how taping might be used to address these.
SUPPORTING INFORMATION
The following additional material may be found online:
Appendix S1: Methodological quality of articles: critical review form -quantitative studies Figure S1 : Progress of search for relevant papers. 
